On the 100th anniversary of the discovery of Chagas disease, etiological diagnosis of infection has evidently improved, although methods for parasitological diagnosis, such as xenodiagnosis-(XD) (Brumpt 1914) and serological diagnosis (Guerreiro & Machado 1913) , became available not long after Chagas' 1909 publication and are still being used in some laboratories. As described by Luquetti (1999) , improvements in diagnosis can be seen to have occurred during a number of key periods: during the first period, from discovery until 1960, diagnosis was performed using XD for parasitological research and using complement fixation reaction (CFR) for serological diagnosis of the chronic phase. During a second period, from [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] , major progress was made. For diagnosis of the acute phase, a major step forward was the introduction of Strout's hemoflagellate method (1962) . It should be pointed out that prior to the development of this approach, the method used until for parasitological diagnosis of this phase was that first performed by Chagas (the wet blood smear and animal inoculation). For the chronic phase, during this period, parasitological diagnosis included hemoculture (Chiari & Brenner 1966) . Serological diagnosis was firmly established with the standardization of the CFR [Almeida & Fife 1976 , the introduction of indirect haemaglutination (IHA)] (Cerisola et al. 1962) , IgG-IIF indirect immunofluorescence (Camargo 1966 ) and the immunoenzymatic ELISA test (Voller et al. 1975) . The third period, from 1975 until the present day, has been characterised by the use of high technology in parasitological and serological approaches. Parasitological diagnosis was further improved with the introduction of polymerase chain reaction (PCR) (Moser et al. 1989 , Sturn et al. 1989 , Britto et al. 1995 and quantitative real time PCR (Cummings & Tarleton 2003 , Virreira et al. 2006 , Piron et al. 2007 , Duffy et al. 2009 ). Serological diagnosis stopped using the crude antigens that were previously used and began to include a number of purified antigens, such as GP90 kDa, GP72 kDa, GP25 kDa, GP55 kDa and shortly thereafter, recombinant antigens and synthetic peptides, which were evaluated by way of multicentre trials (Moncayo & Luquetti 1990 , Levin et al. 1991 , Umezawa et al. 1999 .
Recently, the Brazilian Ministry of Health (MS) held a meeting with Brazilian scientists working with Chagas disease in order to standardise diagnosis, treatment, prevention and control strategies and establish a Brazilian consensus with regard to Chagas disease (MS 2005) . In light of this consensus, we discuss here what has so far been achieved and what remains to be done with regard to diagnosis and follow up studies of Chagas disease.
What methods are currently available for diagnosis during the acute and chronic phases?
In the acute phase of Chagas disease, parasites circulate in the bloodstream. During this phase, laboratory diagnosis is based on observation of the parasite in the infected blood of individuals using a parasitological fresh-blood test, as well as smear and thick drop blood tests. The direct test using fresh blood is more sensitive than the stained smear test and should be the method of choice during the acute phase of infection. If these tests are negative, concentration tests must be carried out.
Concentration tests (microhematocrit or Strout test) have a sensitivity of 80-90% (Luquetti & Rassi 2000) and are recommended in the case of patients strongly suspected of having acute Chagas disease and returning negative results for the direct fresh-blood exam. In symptomatic cases lasting more than 30 days, for direct negative tests, concentration tests should be the first choice, as parasitaemia begins to decline at this stage (MS 2005) .
In suspected cases of congenital transmission, it is important to test for infection of the mother. If this is confirmed, a parasitological test should be performed on the newborn. If this test result is positive, the child should immediately undergo etiological treatment, in view of the high rate of cure in this phase. Children born to mothers with Chagas disease who have tested negative for the parasite or who have not been tested should return for examination within 6-9 months, in order to perform serological tests looking for specific IgG antibodies against Trypanosoma cruzi. If serology results are negative, vertical transmission can be ruled out. Fig. 1 shows the flowchart for diagnosis of cases at risk of vertical transmission. Owing to the high number of false-negatives in congenital transmission, testing for anti-T. cruzi class IgM and IgA antibodies is not recommended (MS 2005) .
The chronic phase of the disease, which follows the resolution of the acute infection, is characterised by levels of circulating parasites far below the threshold for microscopic detection and also by the appearance of IgG antibodies directed against the antigens of T. cruzi. Diagnosis in this phase is based primarily on conventional serology (CS), IIF, IHA, enzyme-linked immunosorbent assay-ELISA) or indirect parasitological methods (XD and haemoculture). Although specific, these indirect parasitological methods have low sensitivity (20-50%) (WHO 1991 , Gomes 1997 , Luquetti & Rassi 2000 . In view of the low sensitivity of parasitological tests, diagnosis during the chronic phase is at present essentially serological. Accurate diagnosis at this stage is important for the individual and also for epidemiological reasons, because transmission by way of blood transfusion and organ transplantation occurs in endemic and non-endemic countries (Schmunis 1991 (Schmunis , 2007 . Recently, Souza et al. (2008) described a case of acute Chagas disease with severe cardiac involvement following an orthotopic liver transplant from a cadaver donor. Both donor and recipient tested serologically negative for T. cruzi prior to the procedure. This finding shows the possibility of false-negative results and highlights the need for more accurate diagnostic criteria, which should include not only serological tests, but also careful consideration of the epidemiological background of Chagas disease and an active search for the parasite using PCR methods as suggested by Gomes et al. (1999) .
According to the MS (2005), diagnosis during the chronic phase of Chagas disease should be carried out using a test with high sensitivity (ELISA with total antigen or semi-purified fractions of the parasite, IIF or IHA) in combination with another parallel test with high specificity (ELISA, using T. cruzi-specific, recombinant antigens). If the results do not concur, the diagnosis is deemed inconclusive. In such cases, the samples must be retested using the same methods (Fig. 2) . Because of the possibility of inconclusive results, the MS (2005) recommends that samples with persistent inconclusive results (3% in a routine laboratory) be sent to referral laboratories, where they will be tested using other serological tests and more complex methods, such as PCR and western blot.
What still needs to be done regarding diagnosis?
The World Health Organization (WHO) has long emphasised the need to employ defined antigens as a way of improving the serodiagnosis of Chagas disease. Several research groups have therefore used recombinant/synthetic and biochemically purified antigens (Affranchino et al. 1989 , Goldenberg et al. 1991 , Krieger et al. 1992 , Umezawa et al. 1999 , Franco da Silveira et al. 2001 . In order to be useful, these antigens must meet several criteria: (i) they should be present in T. cruzi isolates from different endemic areas, and absent from other infectious disease agents; (ii) they should be highly immunogenic in populations with different genetic backgrounds, irrespective of the clinical phase of Chagas disease and (iii) they should be stable and easily amenable to qualitycontrol tests, to guarantee reproducibility (Zingales et al. 1990 , Stolf 1992 ).
An immunoblot assay using trypomastigote excreted-secreted antigens (TESA) for the Y strain of T. cruzi has been proposed as a sensitive and specific diagnostic assay (TESA-blot) in cases of suspected acute or congenital T. cruzi infection and as a general confirmatory test for conventional Chagas disease serology. The TE-SA-blot showed that a 150-160 kDa band was recognised in the serum of 100% of chronic Chagas disease patients and did not react with the serum of patients with leishmaniasis (caused by organisms closely related to T. cruzi) (Umezawa et al. 1996) . The TESA-blot was also evaluated by Nakazawa et al. (2001) using TESA from T. cruzi strains of different biodemes (WSL, Colombiana and 12SF). A 150-170 kDa polypeptide was recognised in 100% of chronic Chagas disease patients tested (with cardiac, asymptomatic, digestive and mixed forms). Cross-reactions with visceral and cutaneous leishmaniasis serum were observed in the case of some polypeptides below 150 kDa and no reaction was observed with normal human control serum. However, this assay is of no use in monitoring cure, since it does not allow for assessment of serological titre decay (Matsumoto et al. 2002) . Furthermore, the western blot format is not very appropriate for testing a large number of samples. For this reason, the ELISA format is more convenient, as it is simple, easy to perform and amenable to automation. Nakazawa et al. (2001) thus developed and evaluated an ELISA using TESA-ELISA by analyzing 124 consensus samples and 204 samples of serum from individuals not infected with Chagas disease. Although the TESA-ELISA exhibited high sensitivity (100%; CI 95%: 96.3-100%) and low specificity (96%; CI 95%: 92.5-97.9%), cross-reactions were observed with cutaneous and vis-ceral leishmaniasis. The cross-reactivity observed may be due to a reaction to polypeptides below 150 kDa, as shown in the results obtained by Umezawa et al. (2001) . To verify this hypothesis, the 150-170 kDa band from the Y strain of T. cruzi (Tc 15-170 kDa) was isolated by way of preparative electrophoresis and the fraction obtained. Tc 150-170 kDa was evaluated by means of TESA-ELI-SA, using serum from patients with Chagas disease, non-infected individuals and patients with cutaneous and visceral leishmaniasis. Sensitivity and specificity were 100% .
On the other hand, a number of T. cruzi genes have been cloned and some recombinant antigens have been tested for use in diagnosis. Even though the majority of these are tested and used in research with satisfactory results, they have not been included in kits for technical and economic reasons (Franco da Silveira et al. 2001) . Two recombinant antigens, cytoplasmic repetitive antigen (CRA) and flagellar repetitive antigen (FRA) (Lafaille et al. 1989) , have been deemed useful for diagnostic purposes, according to a multicentre study carried out by the WHO (Almeida et al. 1990 , Moncayo & Luquetti 1990 , Paranhos et al. 1990 , Krieger et al. 1992 , Carvalho et al. 1993 . A kit for diagnosis of chronic Chagas disease called EIE-Recombinante-ChagasBiomanguinhos ® (Rec-ELISA), which uses these antigens in combination (CRA + FRA), has been developed and produced by Biomanguinhos, at the Oswaldo Cruz Foundation (Fiocruz), in Rio de Janeiro, Brazil. This kit is based on an enzyme immunoassay and direct ELISA and has been evaluated for diagnosis of T. cruzi infection ) and as a follow-up test for monitoring chemotherapy (Silva et al. 2002) , with excellent results. The Rec-ELISA was also compared with the conventional ELISA(Con-ELISA) and IHA, with a view to minimizing the number of inconclusive results. For this, serum samples from patients with Chagas disease (112), from individuals not infected with Chagas (143) and from patients with other diseases (32) were tested using three assays: Rec-ELISA, Con-ELISA and IHA. When the data were evaluated by matching the Rec-ELI-SA and IHA test, 52 inconclusive results were obtained. When Rec-ELISA and Con-ELISA were matched, only four inconclusive results were observed, indicating that the use of two enzyme immunoassays with different antigen preparations provides a secure test combination for diagnosis of Chagas disease and blood-bank screening (Gadelha et al. 2003) . The EIE-Rec kit presents a number of other advantages. First, it makes use of specific T. cruzi recombinant antigens, thereby avoiding falsepositive reactions. Second, the direct ELISA procedure increases the sensitivity of the method, thereby allowing for the evaluation of low titre serum samples and corroborating its specificity. Finally, the use of undiluted serum samples reduces the possibility of error arising during manipulation, as the only equipment it requires is an ELISA reader .
Recombinant antigens have been employed in rapid tests with promising results (Roddy et al. 2008 , Verani et al. 2009 ). 
What remains to be done with regard to follow-up studies?
Treatment of patients in the acute phase of the disease with Benznidazole and Nifurtimox is capable of preventing a fatal outcome and has a high rate of cure. Cure at this phase results in CS becoming completely and consistently negative after a period of around two years. However, in the chronic phase, negative sero-conversion is slow, taking years to complete and requiring a long follow-up to prove that the disease has been cured (Cançado 1999) . The effectiveness of the treatment is evaluated using parasitological HC or XD tests and a CS test. The complement-mediated lysis test (CoML) (Krettli & Brener 1982) , which detects lytic antibodies against live trypomastigotes, has been linked to the presence of active infection and is also used for this purpose.
Following parasitological and serological tests, treated patients are classified as cured patients (CP), when parasitological, CS and CoML tests are negative, dis-sociated patients (DP), when parasitological and CoML tests are negative but remain positive for at least two of the three conventional serological tests, and non-cured patients (NCP), when parasitological, CS and CoML tests are all positive. This classification evaluates the presence of active infection . CP and DP patients do not, therefore, present active infection, but patients included in the DP group continue to produce antibodies against T. cruzi antigens detected by CS . A negative CoML predicts elimination of T. cruzi but this test has practical limitations, since it requires both live and infectious parasites.
CS tests are very useful in the diagnosis of chronic Chagas disease, but they are not suitable for monitoring the effectiveness of treatment of this infection because they have limitations when used as criteria for therapeutic cure. The CoML test, which detects lytic antibodies that are recognised by epitopes present on the surface of live trypomastigotes, has been used as an alternative method for determining whether the disease has been cured. In a 10-year follow-up study of 82 treated patients, only seven (8.5%) would be considered cured on the basis of negative CS results, even though 21 (25.6%) of them who consistently tested positive using CS, returned negative CoML results. These patients in whom there was a discrepancy between the results of CoML and CS have been described as dissociated and are considered cured . However, CoML is not a routine test because it requires careful management of live infectious trypomastigotes, has many variables that are difficult to control and standardise (such as the live and motile parasite count) and requires human serum as a source of complement, which may vary from one donor to another. In addition, live target cells may be lysed by heterophylic antibodies (Levy et al. 1996) . It should also be pointed out that heterologous strains can have different degrees of sensitivity (Jacobson et al. 1992 ). These facts may be responsible for the difficulties reported by some laboratories in relation to the reproducibility of CoML.
Negative CoML by itself is not a criterion for cure of Chagas disease because the absence of living trypomastigotes does not necessarily mean absence of active infection. The parasite may persist in tissues of the mammalian host in the amastigote form. Even circulating in the peripheral blood, these parasites would not stimulate the production of lytic antibodies, but could be the cause of a uniformly positive CS in the great majority of treated patients with a long history of Chagas disease (Cançado 1999) . Furthermore, this author emphasises that the control of cure based on CS is important for a number of reasons: (i) parasitological tests (XD and HC) have poor sensitivity, are slow and only available in research institutions; (ii) it is impossible for a negative CS test to occur with a positive parasitological test, except possibly in the case of immunosuppression; (iii) for the acute disease, CS is the universally accepted criterion for cure and (iv) all research into refined antigens, to be used for serological evaluation of chemotherapy, take patients consistently returning negative CS tests as the gold standard for cure. Positive CS conclusively demonstrates the presence of T. cruzi in the patient tissue, e.g., Chagas disease (Cançado 1999) .
The reasons why CS remains positive for long periods are not clear, although a number of hypotheses have been put forward. Some have argued that mice infected with T. cruzi but parasitologically cured after specific chemotherapy continue to exhibit positive IIF tests 3-6 months after treatment as a result of parasite antigens being trapped by certain cells in the spleen (Andrade et al. 1991) . Other studies have shown that a high proportion of antibodies detected by CS, in treated Chagas patients, are directed against the carbohydrate residue Galα1->3 Gal, a determinant also recognised by antibodies from noninfected healthy individuals (Gazzinelli et al. 1993 ). Due to their widespread distribution among microorganisms of the intestinal and pulmonary microflora, these determinants may continue to stimulate lymphocytes previously primed by T. cruzi Galα1->3 Gal epitopes, thereby accounting for false-positive results in CP. This fact suggests that the use of an antigen recognised by serum samples from the most chronically infected Chagas patients that do not express Galα1->3 Gal residues might be useful in eliminating possible cross-reactive antibodies and hence false-positive reactions (Gazinelli et al. 1993) .
A number of serological techniques have been evaluated as possible substitutes for the CoML test by using an ELISA with purified (Gazzinelli et al. 1993 ) and recombinant antigens (Krautz et al. 1995 , Silva et al. 2002 . Silva et al. (2002) showed that when the serum from patients previously investigated using parasitological and serological tests and classified as CP (n = 10), DP (n = 6) and NCP (n = 6) was assayed using the EIE-Rec kit, all the serum samples from NCPs tested positive and all the samples from CP tested negative. According to Silva et al. (2002) , these results were fully consistent with those obtained previously using the classical tests. Two DPs displayed a positive reaction, while the other four had a negative reaction, similar to that observed in serum from individuals without Chagas disease. These four patients could therefore be considered CP, suggesting that the EIE-Rec kit could be used to monitor the efficacy of Chagas disease treatment.
A new approach using flow cytometry to detect antilive trypomastigote antibodies and monitor the efficacy of specific treatments in human Chagas disease has been shown to be more sensitive and accurate than CoML (Martins-Filho et al. 1995 . Recently, a flow cytometry approach used to detect anti-fixed epimastigote IgG antibodies (FC-AFEA-IgG) in serum from individuals infected with T. cruzi was evaluated in individuals classified into three distinct categories: not treated, treated but not cured and treated and cured. This demonstrates that FC-AFEA-IgG has an extraordinary capacity as a serological criterion for assessing cure after Chagas disease treatment (Vitelli-Avelar et al. 2007 ). These results represent a great advance in the use of serological techniques for clinical investigation of Chagas disease and they clearly indicate new ways forward. Although this method requires an expensive flow cytometer that
is not yet available in many laboratories, flow cytometry could be seen in the near future as a way of assessing cure in treated Chagas patients.
On the other hand, several groups have attempted to develop more sensitive assays using molecular approaches. PCR has been introduced to detect T. cruzi in blood samples from Chagas patients (Moser et al. 1989 , Sturm et al. 1989 , Avila et al. 1991 , Britto et al. 1993 , Wincker et al. 1994 , Kirchhoff et al. 1996 , Gomes et al. 1998 , Castro et al. 2002 and also used to monitor treatment outcomes in both the acute and chronic phases of Chagas disease (Britto et al. 1995 , Russomando et al. 1998 , Solari et al. 2001 , Galvão et al. 2003 , Schijman et al. 2003 , Zulantay et al. 2004 , Sanchez et al. 2005 . These studies confirmed the usefulness of PCR strategies as a clinical tool for early detection of treatment failure. The sensitivity of PCR for T. cruzi detection, when compared with traditional parasitological methods, demonstrates its potential use for evaluating chemotherapeutic efficacy.
According to Galvão et al. (2003) , there is no guarantee that a single negative PCR signifies parasitological cure, especially since it is well known that parasitaemia occurs in waves during the long course of Chagas disease. This fact reinforces the principle that the value of parasitological tests lies mainly in the positive results they yield; a positive PCR in blood may reflect treatment failure. In this respect, PCR can be used as an early marker of resistance to specific chemotherapy years before a conclusion can be drawn from serological analysis. When serology and PCR both present negative results this is probably an indication that a cure has taken place (Russomando et al. 1998 ).
Nevertheless, it should be pointed out that PCR is currently an "in house" method, subject to the same shortcomings observed with CS in 1970, when there was no perfect agreement among different laboratories. Once kits started to be produced on an industrial basis, to the same quality standards, results from different laboratories could be compared and CS is now reliable. A recent TDR/WHO-sponsored meeting in Buenos Aires was held to overcome this lack of standardisation and guidelines are now available (TDR 2009 ). This represents a first step towards obtaining reliable and comparable results, but much more needs to be done before interested industries start to produce commercial kits. In the meantime, positive results obtained in routine labs in a treated patient should be viewed with caution, since false positives have been observed in some CP with serious negative consequences for these patients.
Even with major advances in serological diagnosis of the chronic phase, the acute phase cannot be properly evaluated using serological tests, mainly because there are no available kits for IgM detection in cases of Chagas disease. One of the difficulties is that of obtaining positive samples, mainly in countries where acute cases are no longer reported (MS 2005) . The "in house" IIF with anti-IgM conjugate may be employed in those cases where diagnosis is suspected but has not been parasitologically confirmed. The MS also recommends the introduction of serological diagnostic testing for Chagas disease in pregnant women. Molecular testing using PCR combined with hybridization have shown promising results and may be used as a confirmatory test (MS 2005) . There is, however, a need for other tests to identify CP soon after specific treatment, for a prognosis marker (Verçosa et al. 2007 , Lorena et al. 2008 ) and for prediction of congenital transmission.
